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of Dundee, Dundee, UK; cUsher Institute, The University of Edinburgh, Edinburgh, UK; dSchool of Health and Life Sciences, Glasgow Caledonian
University, Glasgow, UK; eDepartment of Movement and Sports Sciences, Ghent University, Ghent, Belgium
ABSTRACT
Purpose: Sedentary behaviour is any waking behaviour in sitting, lying or reclining postures with low
energy expenditure. High sedentary behaviour levels, common after stroke, are associated with poor
health and higher levels of mobility disability. The aim of this study was to undertake a behavioural diag-
nosis of sedentary behaviour in the early phase after stroke to inform interventions that may reduce sed-
entary behaviour and associated disability.
Methods and materials: Independently mobile stroke survivors were interviewed three months after
stroke. The topic guide was informed by the central layer of the Behaviour Change Wheel to explore
three components: capability, opportunity and motivation. This model recognises that behaviour is the
consequence of an interacting system of these components. Interviews were transcribed verbatim and
analysed using The Framework Method.
Results: Thirty one people were interviewed (66.7 years; 16 male). The perception of diminished capability
to reduce sedentary behaviour due to physical tiredness/fatigue, and pain/discomfort acting as both a
motivator and inhibitor to movement, were discussed. Environmental barriers and the importance of
social interaction were highlighted. Perceived motivation to reduce sedentary behaviour was influenced
by enjoyment of sedentary behaviours, fear of falling and habitual nature of sedentary behaviours.
Conclusions: This information will inform evidence-based sedentary behaviour interventions after stroke.
 IMPLICATIONS FOR REHABILITATION
 Higher levels of sedentary behaviours are associated with poor health and stroke survivors are
highly sedentary.
 Stroke survivors have complex reasons for spending time in sedentary behaviours including fatigue,
pain, fear of falling and environmental barriers.
 Future interventions should educate stroke survivors on the health consequences of sedentary behav-
iours and encourage an increased awareness of time spent sedentary.
 Supporting stroke survivors to identify enjoyable and achievable activities that involve standing and
movement, and ideally social interaction, is recommended.
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Introduction
Sedentary behaviours (SB) are any waking behaviours character-
ised by low energy expenditure (1.5 metabolic equivalents)
while in a sitting, reclining or lying posture [1]. Stroke survivors
are highly sedentary, with independently ambulatory individuals
spending three quarters of their waking hours in SBs within
1month of completion of inpatient rehabilitation [2]. This volume
of SB is likely to be detrimental to health, increasing the risk of
cardiovascular disease incidence and mortality [3], disability,
including reduced physical function [4], frailty [5] and poor mental
health [6]. Breaking SB with frequent, short bouts of light intensity
activity has been shown to decrease systolic blood pressure in
stroke survivors, potentially reducing the risk of recurrent stroke
[7]. The American Heart Association/American Stroke Association
recommend the reduction of SB for secondary stroke prevention
[8], but evidence is limited on how to do this. In 2017, Ezeugwu
et al. [9] reported qualitative findings from 13 stroke survivors on
their SB up to 12 years after stroke, and highlighted that experien-
ces in the early post-stroke period may lead to increased SB. The
perception was that as stroke survivors left hospital their mindset
was to go home to rest and recuperate. Ezeugwu et al. [9] identi-
fied the early phase after discharge from stroke services as
important for intervention to ensure any gains made during
rehabilitation support were not lost due to participants spending
excessive time engaging in SBs at home. The importance of this
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early post-stroke phase is further reinforced by evidence that
objectively-assessed SB patterns in the early post stroke phase
(1month after stroke) are retained up to 1 year later, even in indi-
viduals who were living at home and reported high levels of func-
tional independence [10]. Determining how to reduce SB in ways
that are meaningful to stroke survivors in their everyday lives, and
that link to the ongoing achievement of their rehabilitation out-
comes is therefore vitally important.
Behaviour change interventions, based on knowledge and the-
ories from health psychology are increasingly being used to pro-
vide motivational support for active practice within stroke
rehabilitation [11], and to support behaviour change in relation to
uptake and maintenance of physical activity and reduction of SB
after rehabilitation [12]. Applying this approach to development
of an environmentally appropriate, person-centred intervention, to
reduce SB after rehabilitation is therefore timely and appropriate.
Good practice in designing behaviour change interventions for
application in a range of contexts, is to align with the Medical
Research Council framework for complex intervention develop-
ment and evaluation, using the best available evidence and
appropriate behavioural theory [13]. However, there exists a myr-
iad of theories and it is difficult to identify the most appropriate.
Michie et al. [14] judged that none of the existing frameworks
were comprehensive and few were linked to a behaviour change
model. Some existing frameworks were based on the assumption
that behaviour was primarily driven by beliefs and perceptions,
while others placed a greater emphasis on unconscious bias or
the social environment. Michie et al. [14] judged that all these ele-
ments were important and needed to be brought together in a
comprehensive and coherent manner. Consequently, Michie et al.
[15] proposed the Behaviour Change Wheel (BCW) to assist with
the application of theory to intervention development. The BCW
was developed from 19 existing behaviour change frameworks.
Michie et al. [15] argued that in order to change behaviour it
is important to first understand the nature of behaviour.
Following a review of existing theories a simplified, yet compre-
hensive, model was proposed. At the core of the BCW is a model
of behaviour known as COM-B [15]. COM-B recognises that behav-
iour is the consequence of an interacting system involving three
components (Capability, Opportunity and Motivation) [15].
Capability relates to an individual’s psychological and physical
capability to do the behaviour (e.g., the person must have the
necessary physical strength, knowledge, skills or stamina).
Opportunity relates to both the physical and social environment
(e.g., physical accessibility, affordability, social acceptability and
time). The final aspect relates to motivation, and includes both
automatic and reflective motivational processes that may influ-
ence engagement in the behaviour, or not. These COM compo-
nents interact as shown in Figure 1, such that for example,
enhanced capability or opportunity could increase motivation
[14], and together influence the behavioural outcome.
According to the BCW, changing behaviour will involve chang-
ing one or more component(s) of the COM-B model. A strength
of the BCW framework is that it guides the intervention design
process by identifying appropriate intervention functions relating
to the different aspects of the BCW. Each of these intervention
functions is then linked to specific behaviour change techniques
[16], which form the intervention “active ingredients” of behaviour
change. The BCW also aligns the intervention functions and asso-
ciated behaviour change techniques with seven policy categories
(Figure 2).
There has been a growth in research using the COM-B to
undertake a behavioural analysis in a range of behaviours [17–20].
Fewer studies have undertaken the full BCW process to design
and test an intervention. An exception is Munir et al. [22] who
Figure 1. The COM-B system: a framework for understanding behaviour
(Reproduced with permission from Michie et al. [15]).
Figure 2. The Behaviour Change Wheel (Reproduced with permission from Michie et al. [15]).
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designed an intervention to reduce SB in the workplace [21],
showing both short and long-term effectiveness. The BCW offers
an effective approach to intervention design; however to date, no
study has used this comprehensive approach to develop and test
a person-centred SB intervention after stroke.
In designing an intervention for use as an adjunct to stroke
rehabilitation and recovery, it is critical to consider how the COM-
B aligns conceptually with the dominant model of rehabilitation.
Considering congruence at this stage will ensure that a developed
intervention will match with rehabilitation practice, thus assuring
uptake and delivery by relevant professionals. For this purpose,
we employed the International Classification of Functioning,
Disability and Health (ICF). The ICF is a conceptual framework that
describes the consequences of disease with respect to the con-
cepts of body functions and structure (functioning at the level of
the body), activity (functioning at the level of the individual) and
participation (functioning of a person as a member of society),
and posits that those are influenced by contextual factors: envir-
onmental and personal factors (physical, social and attitudinal
environments in which people conduct their lives) [23]. The ICF
also categorises activity and participation into different domains,
and we will refer to those domains throughout, for categorisation
purposes and clarity about what the activities are.
The ICF provides a scientific basis for understanding and study-
ing health and health-related states, outcomes, determinants, and
changes in health status and functioning, and is widely used to
guide rehabilitation and measurement of rehabilitation outcomes
[23]. Its strong alignment to concepts within the COM-B and the
wider BCW mean that it serves to link behaviour change to con-
cepts of rehabilitation. Exploring environmental and personal fac-
tors, characterised within the COM-B as motivation and capability,
will facilitate development of an intervention that promotes par-
ticipation in person-centred meaningful activities relevant to indi-
viduals’ unique identities as they receive rehabilitation and
recover from stroke [24]. Considering both models will determine
how a behavioural intervention can be developed to influence
reduction in SB in the context of stroke rehabilitation
and recovery.
The aim of this study was to undertake the first step in the
intervention design process by undertaking a behavioural diagno-
sis of SB in the early post stroke phase, guided by COM-B and
more broadly informed by the ICF. This information can then be
used alongside the wider BCW to design an intervention with
appropriate intervention functions, policy categories and behav-
iour change techniques to reduce and break up SB in individuals
post-stroke.
Materials and methods
The study followed the Consolidated Criteria for Reporting
Qualitative Research (COREQ) checklist for reporting qualitative
research [25] and was registered with the National Health Service
Research Scotland Stroke Research Network. The study was
funded by the Chief Scientist Office of the Scottish Government
(CZH/4/1091) and ethical approval was obtained from Wales
Research Ethics Committee 6 on 11/06/2015 (15/WA/0224).
Participants
Independently mobile stroke survivors were purposively sampled
on the basis of gender and recruited from Royal Infirmary,
Edinburgh (16/09/2015-05/07/2016). Stroke survivors were
included even if they were able to walk only very short distances,
as these individuals could potentially reduce SB. The use of a
walking aid was permitted. The recruitment target was 30 stroke
survivors, (15 female, 15 male). National survey data suggest gen-
der may influence total volume of sedentary time (contrary to
physical activity (PA)), men are more sedentary than women) [26].
Exclusion criteria included subarachnoid haemorrhage (unless sec-
ondary to intraparenchymal haemorrhage); dysphasia or cognitive
impairments severe enough to preclude informed consent; medic-
ally unstable and/or considered too unwell by the clinical team to
participate; or discharge to a nursing home. Upon recruitment,
descriptive information (gender, age, Scottish Index of Multiple
Deprivation (SIMD), side and effect of stroke, functional status
pre/post stroke and walking aid) was collected.
Interviews
Six weeks after stroke, the research assistant (SN) checked each
participant was well and an interview appointment was arranged.
One week prior to the interview, participants were posted a ques-
tionnaire booklet which included the Hospital Anxiety and
Depression scale [27]; the Fatigue Assessment Scale (FAS) [28]; the
Physical Activity Scale for the Elderly (PASE) [29]; Barthel Index of
Activities of Daily Living [30]; the Simplified Modified Rankin Scale
[31] and a Visual Analogue Scale to determine the percentage of
the day spent sedentary.
Semi-structured interviews were conducted, at three months
post stroke, in participant’s own homes, audio-recorded on a
digital device and transcribed verbatim. The interview topic guide
(Supplementary File S1) was informed by COM-B [15]. Participants
were asked questions about their daily sitting behaviour, ques-
tions targeting factors that influence their sitting behaviour with
reference to capability, opportunity and motivation and their
thoughts on how to reduce sitting. The interview topic guide was
piloted with the first three study participants and no changes
were made.
Analysis
Anonymised transcripts were analysed using the Framework
Method [32], which is a matrix based seven stage method provid-
ing a systematic, comprehensive and transparent approach to
analysing qualitative data [32]. The seven stages are: transcription,
familiarisation with the interview, coding, developing a working
analytical framework, applying the analytical framework, charting
data into the framework matrix and interpreting the data. After
transcription, three researchers (SN, CF and AN) familiarised them-
selves with three interview transcripts and conducted line by line
coding (familiarisation with the interview). The researchers met to
discuss their interpretations of each interview, and reach agree-
ment on how to consistently code (coding). Individual codes were
inductively grouped together into themes, which were subse-
quently clustered into the pre-existing overarching themes in line
with the COM-B (developing working analytical framework). The
analytical framework was developed, and applied to a further
three transcripts, to further confirm consistency of interpretation
of the coding framework. The framework was applied to one tran-
script by a fourth member of the research team (JM) to ensure
correct application of the framework (applying analytical frame-
work). The remaining transcripts were coded in line with the ana-
lytical framework by SN with CF double coding a further four
transcripts to continue to discuss and confirm interpretations
(charting data into framework). Gale et al. [32] discussed it is help-
ful in multi-disciplinary teams to compare and contrast styles of
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summarizing in the early stages of the analysis process to ensure
consistency within the team. Data were managed using NVivo 10.
Once all transcripts were coded, framework matrices were devel-
oped to facilitate interpretation of the data. To condense the find-
ings, a 1-2 page memo summarising each theme was written,
including key findings. If present, any gender or age differences
were noted.
Enhancing rigour
In order to enhance rigour in the method, several strategies were
incorporated. Self-reflection is an essential part of qualitative
research whatever the chosen qualitative methodology. The
researcher must take into consideration any “pre-understanding,”
both in the planning and analysis process, to help reduce
researcher bias [33]. In this study, it is acknowledged that the
COM-B component of the BCW was identified by the researchers
as a useful framework to address the research question, and as
such informed both the data collection and analysis. Nevertheless,
the identification of sub-themes in the analysis was an inductive
process, and the content of these sub-themes was not pre-
defined. During this process, rigour was enhanced by including
several members of the research team, agreeing upon coding
rules prior to the analysis, and regularly discussing, debating, and
reflecting on coding, theme development, and finally the content
of the overarching framework. Member checking was also
included in order to verify with the participants the researcher’s
interpretation of the interviews [34]. The Consolidated Criteria for
Reporting Qualitative Research recognises member checking as a
method of rigour: “ensuring that the participants’ own meanings
and perspectives are represented and not curtailed by the
researchers’ own agenda and knowledge” [25]. The research
assistant read through each transcript and made a 1-2 page sum-
mary of the key points. These summaries were posted to each
study participant. Participants were asked to review the summary
of their interview to check that they felt our interpretation of the
discussion was appropriate.
Results
Thirty one stroke survivors were interviewed (Table 1).
Results are reported in line with COM-B, and quotations
included to illustrate these findings. ICF definitions of activities
are used to distinguish the types of activities participants
described, that were not sitting.
Behaviour domain
Participants discussed leisure and recreational activities they
undertook while in a sitting, lying or reclining posture (Figure 3).
Men tended to watch TV or read the newspaper, for example:
“…bring the papers back, and I’ll sit down and have my break-
fast and I’ll read the papers and it can take two hours.” (Male,
Table 1. Participant characteristics.
Characteristic N (%) or Mean ± SD
Gender, malea 16 (52%)
Agea 66.7 (SD 14.7)
Deprivation (Scottish Index of Multiple Deprivation quintile)a
First 3 (10%)
Second 7 (23%)
Third 5 (16%)
Fourth 4 (13%)
Fifth 12 (39%)
Side of strokea
Left 11 (35%)
Right 20 (65%)
Neurological deficit arms or legsa
Arm 8 (26%)
Leg 3 (10%)
Arm and Leg 7 (23%)
None 13 (42%)
Gait abnormalitiesa 10 (32%)
Inattentiona 4 (13%)
Dysphasiaa 8 (26%)
Dysarthriaa 8 (26%)
Functional status before stroke-Need help with activities of daily livinga
Yes (need help) 2 (6%)
No (no help needed) 29 (94%)
Functional status after stroke – Able to lift both arms out of beda
Yes 26 (87%)
No 4 (13%)
Walking Aida
Zimmer 3 (10%)
2 Sticks 1 (3%)
1 Stick 6 (19%)
no aid 21 (68%)
Sedentary score from Visual Analogue Scaleb 41.4 (SD 15.6, n¼ 29)
Simplified Modified Rankinb 1.33 (SD 1.06, n¼ 30)
Barthel Scoreb 19.24 (SD 1.53, n¼ 29)
Hospital Anxiety and Depression Score (HADS)b
Anxiety 5.55 (SD 4.72, n¼ 29)
Depression 4.93 (SD 3.74, n¼ 30)
Fatigue Assessment Scoreb 24.33 (SD 4.73, n¼ 30)
Physical Activity for the Elderly Score (PASE)b 92.10 (SD 61.21, n¼ 24)
aCollected prior to discharge.
bCollected prior to interview.
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72 years, SIMD 4-5, no walking aid), while women tended to
watch TV, do puzzles, crosswords or arts and crafts:
Well, in an afternoon, I like to sit down and watch the telly, about three
o’clock, after my lunch. I’ll maybe, or maybe four o’clock or something,
I do a bit of art. Because they say that’s for stress – stress relief things,
this is a new thing for stress relief, this colouring in thing. So I do an
hour, or two hours of that.
(Female, 83 years, SIMD 4-5, no walking aid)
Opinions about time spent watching the television varied.
Some participants purposively watched particular programmes, as
illustrated by this quote: “I watch television. I watch the news. I
like to catch the ten o’clock news, so I’m watching the ten o’clock
news and then I’m watching the BBC 2 type of programmes.”
(Male, 72 years, SIMD 4-5, no walking aid). Conversely, the TV was
also used to help consume or pass the time: “there’s very little on
the telly I really enjoy, very little, but just sitting and something
to do, that’s all. Passing the time, as they say.” (Male, 80 years,
SIMD 4-5, 1 walking stick).
Participants also described their day-to-day activities in an
upright posture and these were grouped into clusters involving
self-care tasks, domestic and household chores and household
maintenance, caring activities involving assisting others, and
socialising (Figure 4).
Both men and women frequently discussed shopping, cooking
and tidying up/cleaning tasks, while household maintenance tasks
were mentioned more frequently by men:
… just general DI… just dodging about the house. I’ve always got
something to do.
I: What kind of things do you like doing then, round the house?
R: Anything, electrical stuff, plumbing. That’s ceiling fell down in the
kitchen, so I’ve started on that the now. I’ve got my shed and always
out there
(Male, 50 years, SIMD 1-3, no walking aid)
Many participants described walking as their dominant non-sit-
ting activity. This included walking the dog or walking with
friends and family. Walking was undertaken for leisure or recre-
ation, or health benefits. Walking facilitated recreation, leisure and
socialising, enabling people to get to the shops, bus stop, Church,
to meet friends and take grandchildren to the park:
I walk – there is a wee shop along the road just on the way to [text
removed for anonymity], so we walk along there to get the paper and
then we walk back. I can walk quite well on the flat but I can’t do hills.
(Female, 80 years, SIMD 4-5, 2 walking sticks)
The COM-B model was then used to explore the influences of
the behaviour in relation to capability, opportunity and motiv-
ation to reduce/break up SB. The most frequently reported
themes that emerged are shown in Table 2.
Capability
Six themes were identified within this overarching theme, two
related to physical capability and six to psychological capability.
Physical capability and stroke related physical health
Physical capability was influenced by the impact of stroke on
body functioning, specifically movement related function, as
defined by the ICF. Physical capability was defined as a partici-
pant’s ability to be active and sit less, and carry out daily self-care
and household tasks. All participants reported they were physic-
ally able to mobilise independently, most without difficulty. A
small number of participants mentioned dizziness on standing,
difficulty getting out of a chair/climbing stairs, or not having been
out of the house yet. An element of physical capability related
specifically to stroke related physical health problems and
included arm and leg hemiparesis, problems with balance/dizzi-
ness/co-ordination, speech, vision, bladder control, pain in knee/
legs/back, fine motor control, and numbness in feet and hands.
Figure 3. Activities in a seated, lying or reclining posture.
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Participants discussed how they felt their physical capabilities
(classified within the ICF as impairments in body function, that
occurred either as result of their stroke or their general health)
influenced SBs, and consequently caused limitations in different
types of activity. Nine participants felt their ability to stand/move
was limited due to pain or discomfort and needing to sit because
of pain/discomfort in hips/back/legs or to rest swollen feet, for
example: “It’s sore to be standing. When I’m trying to stand at
the worktop, I just get low back pain. Awful low back pain.”
(Female, 67 years, SIMD 1-3, no walking aid). In contrast, a small
group of five participants felt that sitting/lying caused pain/dis-
comfort with feelings of stiffness or pain in back/coccyx or side
mentioned: “I get pains in my coccyx if I’m doing a lot of sitting, I
think, you know.” (Female, 56 years, SIMD 4-5, 1 walking stick).
Twenty-two participants discussed feelings of fatigue or tired-
ness across both physical capability and stroke related health
themes – the majority attributed fatigue/tiredness symptoms to
their stroke, but a small group did not feel their stroke was the
cause (cough (n¼ 2), work, COPD or not sure). Feelings of general
fatigue or tiredness in specific parts of the body were discussed
(e.g., back or legs). Some participants talked about how tiredness
influenced their sitting in an “acute” or “delayed” sense after
activity. These perceived impairments in body function affected
activity performance, with individuals discussing doing a task or
activity and urgently having to sit down – “being hit by a wall of
weariness.” Examples given were having to sit down after taking
a shower, sitting on the bed after going upstairs, or doing some
dishes and then having to sit down and go back again, for
example: “I come out the shower and like have to sit on the end
of the bed; I’m absolutely knackered.” (Male, 54 years, SIMD 1-3,
no walking aid). Delayed fatigue was mentioned if the previous
day had involved activity: “Like if I’ve got my hospital appoint-
ments at the [text removed for anonymity], I am totally and
utterly knacked the next day” (Female, 67 years, SIMD 1-3, no
walking aid). More generalised fatigue was also discussed and try-
ing to manage fatigue symptoms across the day. There was an
awareness they had to sit to manage energy levels and to rest
their body or a specific body part (mostly legs): “… and also
because you’ve only got so much energy in the day and you do
have to rest after you have a stroke.” (Female, 56 years, SIMD 4-5,
1 walking stick).
Psychological capability
Six key themes emerged under psychological capability related to
mental health after the stroke – stroke related psychological
health and mental strength, knowledge about SB, PA and stroke,
and awareness of sitting.
Stroke related psychological health. Psychological consequences
that participants perceived as a result of their stroke included
feeling frightened/anxious, low mood/depression and variability in
mood, increased feelings of aggression/less tolerant, forgetfulness
or disorientated, loss of concentration, and struggling to sleep.
Some participants were aware these psychological changes had
influenced their activities, discussing feelings of anxiety or embar-
rassment when out of the house, anxiety or depression stopping
them doing things, or uncertainty about whether changes in
mental health were a sign to slow down, for example: “Me. Me,
Figure 4. Activities in an upright posture.
Table 2. Overarching themes in line with COM-B model.
Capability Opportunity Motivation
Physical capability Physical environment Intends to be more physically active/move more/sit less
Stroke related physical health Social environment Lack of intention to sit less/move more or be more physically active
Stroke related psychological health Social support Intends to sit
Mental Strength Professional support Beliefs about capability
Knowledge of potential consequences of sitting Opportunity to sit less Beliefs about the consequences of activity
Knowledge about PA Beliefs about the consequences of sitting
Knowledge of potential causes of stroke Habit and explanation of daily routine
Awareness of sitting
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myself. My anxiety, my depression, that stops me. I don’t want to
do anything and it’s… I know I should but I just don’t want to
do it” (Male, 53 years, SIMD 1-3, no walking aid).
Mental strength. Mental strength was less specific than stroke-
related psychological issues and was defined as the participant’s
mental ability to sit less. Nine participants discussed how they
could not be bothered to do things and feelings of apathy. These
individuals were aware that mental tiredness was different to
physical fatigue – they wanted to get on and do things but just
could not summon themselves to do it, for example:
I mean, how can someone go from being so active to having… .well
virtually non activity, which is what’s happening. But I don’t feel the
need. Whether it’s just because of all the stroke and this, I don’t know.
(Female, 67 years, SIMD 1-3, no walking aid)
Knowledge about the potential health consequences of sitting.
Some participants expressed uncertainty about effects of sitting
on their health, for example “I: How do you think sitting for long
periods affects your health? R: I have no idea” (Female, 34 years,
SIMD 1-3, no walking aid). Others expressed specific health con-
cerns (not good for your heart/back, could cause another stroke,
body gets sore, not maximising your abilities).
Knowledge of physical activity. As well as understanding the
health consequences of not sitting too much, a third of partici-
pants discussed the importance of being purposefully physically
active, as illustrated by this quote: “Well, it’s important to keep
yourself moving and all that, you know. And you can’t just sit all
the time and vegetate or whatever like, you know” (Male,
74 years, SIMD 4-5, no walking aid). Some discussed specific bene-
fits including helping blood pressure, the spine, the mind/coping,
and keeps muscles moving. Others expressed uncertainty about
how much PA they should be doing.
Knowledge of potential causes of stroke. A range of possible
causes for stroke was given including age, lifestyle and stress.
Some participants (6) spoke about being anxious or worried about
bringing on another stroke and limiting movement to prevent
stroke, while one younger participant discussed trying to change
lifestyle habits by engaging more in purposeful physical activities:
I would say that, now, that I am worried, I’m sitting a lot less. Because I
understand that the problem was with, like they were saying, the
blood, and the flow of blood, and that. So I’m sitting a lot less, I’m
trying to be more active, I try to, I don’t know, change the habits that
caused my stroke. (Male, 36 years, SIMD 4-5, no walking aid)
Awareness of sitting. Awareness of sitting included an awareness
(or lack) of time spent sitting. The majority of participants were
not aware of how long they spent sitting, often losing track of
time throughout the day. Some individuals discussed how they
lost track of time due to engagement in a seated leisure or recre-
ational task, while others commented more generally that they
did not notice time passing, for example, “There are sometimes I
do realise I’m sitting a long time but most of the time it just goes
away. Time at the moment for me is nothing” (Male, 53 years,
SIMD 1-3, no walking aid).
Opportunity
Physical environment
All participants discussed their physical environment and how it
influenced their SB. Participants identified the home environment
as influential, with home modifications (rails/cushions/risers),
access to a garden, and stairs in the home helping to increase
how much they moved around. For example, one participant
highlighted “I think your environment plays a large role. I have no
choice but to go up and down the stairs, you know – if I lived in
a bungalow it would be different” (Female, 53 years, SIMD 1-3, no
walking aid). Bad weather and darker nights increased SB and
made walking for leisure less likely as illustrated by one
participant:
“R: …well, in the summer we’d be out walking a bit but, I mean, in
this weather you don’t want to go out.
I: Do you think the weather and the seasons, kind of, dictate how much
you can… .
R: That, and then of course the winter is dark and I’m frightened of
the dark”
(Male, 83 years, SIMD 4-5, zimmer).
Positive aspects of the local physical environment that
enhanced particpants’ walking for leisure and participation in
social activities included access to nice walking spaces, access to
public transport and local community classes. However, a lack of
these and/or a lack of public seating were attributed to decreased
outdoor walking for leisure, for example:
R: I used to take walks away up the back up that way, it used to be all
fields. We used to take the dog – the dog could run about and
everything and now it’s all houses – it’s the same down that way – it’s
all houses now.
I: No green space to walk in?
R: No, not as much as there was. (Male, 46 years, SIMD 1-3, no
walking aid)
Financial problems were a concern for some study participants.
Since their stroke, a lack of money meant participants could no
longer participate in recreational and leisure activities outside the
home. However, access to free bus travel enabled walking for leis-
ure outside the home and reduced SB: “because the bus from
here goes right to [text removed for anonymity] and we could
walk right through to [text removed for anonymity] and then
get… I mean, it costs us nothing on the buses” (Male, 83 years,
SIMD 4-5, zimmer).
Social environment
Social environment related to how the participant’s social environ-
ment influences opportunities to sit less by providing active
opportunities for socialisation. Participants detailed active social
lives, meeting friends for coffee or lunch, going to Church, caring
for grandchildren, going to local clubs, the pub, or having visitors.
Social participation helped to break sitting, by getting participants
up and out the house or getting them up to complete self-care
tasks if visitors are coming. For example, one participant said:
If I knew somebody was coming, like my speech therapist, my
occupational therapist, I’d make the effort in the morning and get up
and have a shower and have a shave and I’d be ready for her. Then
other… if they weren’t coming I would just probably be sitting do
nothing. (Male, 50 years, SIMD 1-3, no walking aid)
Some participants had more limited social circles, spending
more time sitting alone. While some were happy with this, others
felt wider social participation would give them purpose and
opportunities to reduce SB. One individual said: “I don’t have a
particularly strong social life and I think that that would actually
help, you know, if you were, sort of, even if it was just going and
doing something fairly low key with other people” (Female,
53 years, SIMD 4-5, no walking aid). Lack of social participation
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was particularly evident with participants in their 40 s and 50 s.
Professional working commitments had limited social opportuni-
ties prior to stroke, teenage children may still be at home but
gaining independence, and partners and friends were often out
working during the day. Interacting with psychological capability,
psychological changes since the stroke influenced social opportu-
nities in some participants including a reluctance to go out on
their own, a loss of confidence in busy environments, or not
wanting to socialise with others.
Social support
The majority of participants had received support with domestic
tasks from family and friends. In some instances this encouraged
activity, for example if a family member or a neighbour offered to
take them shopping, while in other instances family members or
friends completed tasks for the individual, for example cooking a
meal or bringing in wood for the fire. Support initially given after
the stroke was reducing as participants re-established their inde-
pendence – “It’s just other people have got things to do that you
can’t expect them to keep coming round and doing things with
me. Everybody’s got their own lives and their own activities and
what have you” (Female, 78 years, SIMD 4-5, 1 walking stick).
Around half of participants perceived their family/friends
would be supportive of them sitting less, especially if it aided
recovery. Some participants felt however, their friends and family
would be unsure about them sitting less. These participants
reported friends/family felt they currently did enough, expressed
a fear of them being out of the house or doing certain tasks. One
individual explained how her friend encouraged her to sit down
and relax:
My friend actually bought me one of those, you know, adult colouring
books and she said, oh this will be really good and this will help you sit
down and relax and it will help your cognitive, you know, skills as well,
you know.
She is always saying, ah you are still running around too much, you
should take it easy, you know, your body is trying to tell you to, you
know, it’s still repairing itself (Female, 53 years, SIMD 1-3, no
walking aid)
Professional support
Professional support included support given (or not) from health
professionals and other services within the community. Advice to
sit less would not conflict with any advice participants had
received from health professionals, but participants mentioned
the importance of a consistent message from health professionals,
with one individual saying they would not want anything to con-
flict with advice given by their general practitioner. Timing of
information provision was also highlighted, as illustrated by this
quote: “Because although you’ve been given the information in
hospital, a lot of it doesn’t sink in because… .well I don’t know
about everybody else, but I was frightened” (Male, 60 years, SIMD
1-3, no walking aid). The majority of participants would agree
with advice from a health professional to try and sit less, although
some individuals wanted further information on why it would be
important and how to go about it, for example:
“R: Well, if they gave me a good reason for it I would take it on board.
I: How do you think you would go about doing that then?
R: Well, I’d want to understand the logic, or rationale behind what
they’re telling me to do” (Male, 72 years, SIMD 4-5, no walking aid).
Three months after their stroke, one-third of the sample spoke
about still being in receipt of rehabilitation services (physiother-
apy, occupational or speech therapy, counselling). Three people
mentioned waiting either to be sent for physiotherapy or for a
place in a stroke exercise class. Others perceived a general lack of
professional input following discharge, discussing what they felt
was relatively minimal support, for example
“From the health professional side, the professional side of it I think
once, if like myself you are still mobile, you are left – that’s it”
(Male, 46 years, SIMD 1-3, no walking aid).
Opportunity to sit less
Over half of participants felt they had opportunities to sit less,
whilst others reported they were already doing all they could.
Some participants were unsure how to sit less, suggesting, in line
with rehabilitation delivery, that they would need Health
Professionals to give alternatives to sitting, while others offered
suggestions on how to reduce sitting including walking, doing
housework such as cleaning, changing position by standing and
moving more, and socialising. Reasons for breaking sitting were
varied. Women discussed household tasks to break their sitting,
whereas men discussed walking to break sitting. Techniques in
the home included household tasks, tidying and cleaning, going
to the toilet, making tea or coffee, or cooking a meal, as illus-
trated by this quote: “I mean I’ll stand up when I’m preparing
food I’m standing up, you know. I do cook from scratch; I don’t
do instant meals and things, so I’m standing up with food prepa-
ration” (Female, 56 years, SIMD 4-5, 1 walking stick). Assisting
others by letting pets out and by caring for a family member
(children and elderly partners) were other ways to break sitting.
Some participants used cues to break sitting, including TV adverts,
monitoring time, reminders on a computer or phone, or getting
up to answer the phone.
Motivation
Reflective motivation
In relation to reflective motivation, three themes were identified
under intention – whether participants intended to be more phys-
ically active/move more/sit less; lacked intention to sit less/move
more or be more physically active; or intended to sit. Returning
to previously enjoyed leisure and recreational activities/physical
activities/previous functioning in domestic and social life or hav-
ing a goal of returning to work encouraged less sitting and an
increase in purposeful PA, as did relieving boredom, wanting to
play with grandchildren and feeling “lucky” in comparison to
others. For example, one individual said:
And it makes me…when I’m sitting talking to these and seeing where
they are now, what they can and cannot do and how long the… .ago
their stroke and everything else, it makes me realise how lucky I was.
But also makes me a little bit more determined to get out and do that
walk and do that bit of exercise
(Male, 60 years, SIMD 1-3, no walking aid)
Some participants intended to be more physically active, but
discussed limitations and setbacks they were facing, for example:
“I wish I could walk more, you know. But unfortunately I can’t
really walk far at all” (Female, 87 years, SIMD 1-3, 1 walking stick).
Participants also detailed times across the day when they inten-
tionally sat, such as to enjoy and concentrate on valued leisure or
recreational activities, as illustrated by this quote: “… but if
there’s something I’m looking at particularly you’ve got to sit
down, haven’t you. You can’t walk about the house and concen-
trate” (Male, 72 years, SIMD 4-5, no walking aid). However, some
participants talked about how they actively forced themselves to
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sit across the day – ”No, I really force myself to sit. I’m tired, I’m
still a bit fatigued and my minds saying do that, do this and I just
stop…” (Male, 50 years, SIMD 1-3, no walking aid). A sense of
entitlement to sit was evident in some individuals, either due to
perception of high PA earlier in their life or a feeling of accom-
plishment if they had done a lot that day with one partici-
pant saying:
“I do sit quite a bit now, but I think I’m entitled, after four children,
within six years. So I feel that I deserve it, sitting down, if you
don’t mind!”
(Female, 83 years, SIMD 4-5, no walking aid).
A lack of intention to move was evident in some participants
including negative perceptions of sitting and lack of movement –
shear laziness, cannot be bothered, getting a bit lazy, boredom.
There was a sense of frustration as to why intention was lacking
and an awareness that intention could vary daily. Some partici-
pants felt they needed help to become motivated with one indi-
vidual saying: “I wouldn’t go out but I would try and I would go,
well sometimes you’d try, sometimes you’d have your funny days
and these kind of days nobody could motivate you” (Male,
50 years, SIMD 1-3, no walking aid). There was also a reluctance in
some participants to adopt different behaviours when carrying
out tasks normally performed when sitting (e.g., standing to read
or talk on the phone), as illustrated by this quote: “I wouldn’t
dream of standing and reading a paper like, you know, when I’ve
got half a dozen chairs here, eh, so” (Male, 74 years, SIMD 4-5, no
walking aid).
Beliefs about capability. Confidence to engage in social, leisure,
recreational or physical activities that were not sedentary was
reduced for many, especially early after stroke. A loss of inde-
pendence was illustrated by reluctance to go out alone, use pub-
lic transport, drive, walk the dog, or travel to meet friends, and
that had increased SBs. Uncertainty around the distance they
could safely walk and fear of falling were key issues, especially for
women. Physically participants were aware of a need to pace
themselves and plan regular breaks, with one individual saying: “I
do everything in stages because of my fatigue. But now I can do
it and I just need to stop ‘cause I’m not wanting to tire myself
out or damage myself” (Male, 50 years, SIMD 1-3, no walking aid).
Beliefs about consequences of activity. This theme linked to par-
ticipants’ “knowledge” about PA and included beliefs about being
active for long periods. The majority discussed beliefs about the
consequences of being physically, socially or recreationally active,
for example – ”I think everybody needs to do something. I think
when you’ve got nothing to do that’s worse, worse than anything
for a stroke patient, really. I think if you can get up and do it’s so
much better” (Female, 72 years, SIMD 4-5, no walking aid). Finding
a balance though in the amount and type of physical activity was
necessary to avoid pain, fatigue, bringing on another stroke or
increasing blood pressure, falling, or having knock-on effects to
the next day. One individual talked about this in relation to her
blood pressure: “so I’m quite anxious about getting the balance
between trying to get back to normal and being fit and healthy
and the risks of spiking my blood pressure and causing further
problems” (Female, 53 years, SIMD 4-5, no walking aid).
Beliefs about consequences of sitting. Positive beliefs about time
spent sitting clustered around mental health benefits, sitting to
rest and facilitating valued seated activities. Negative beliefs clus-
tered around physical health, including stiffness and discomfort.
Participants perceived sitting slows the body down, becoming
more dependent on sitting in the future. Sitting could also cause
boredom, depression, low mood and a lack of purpose, which all
would further increase SB. There was a sense of frustration and
guilt in a number of participants due to not getting household
tasks done and increasing the burden of others.
Automatic motivation
Habit and explanation of daily routine. A small group of partici-
pants described their sitting as a habit. Participants reported it
was a natural thing to sit, especially if they had nothing to do, for
example: “Basically if I’m not doing anything – I mean I’ve been
out and I’ve done everything, then the most natural thing is just
to sit” (Female, 53 years, SIMD 1-3, no walking aid). Other explana-
tions given for habitual sitting included boredom, lack of con-
scious tracking of sitting (or standing), a routine you fall into and
sitting when all chores were completed. There was a perception
that watching TV was a bad habit (“I tend to watch the TV which
is a bad habit, I know” (Male, 72 years, SIMD 4-5, no walking aid)),
however some participants reported it gave them something to
do. Participants were aware time of day influenced their sitting
patterns. Social norms around sitting in the evening were dis-
cussed, as well as clustering household tasks in the morning, fol-
lowed by increased sitting in the afternoon and evening – “In the
evenings, that would be the time… you’re just slumping a bit, as
most people do I suppose” (Female, 56 years, SIMD 4-5, 1 walk-
ing stick).
Discussion
This is the first qualitative study on SB in the early post stroke
phase (3months after stroke) in a large sample of stroke survivors
(31 participants). Our qualitative findings provide an essential
point of reference for the development of robust SB interventions
in the early phase after a stroke, that will inevitably complement
the broad goals of rehabilitation during that phase, by also
encouraging participation and skill development in a wide range
of physical, domestic and leisure activities. The most salient fac-
tors that future SB interventions should consider related to the
influence of physical tiredness and fatigue on SB; pain/discomfort
acting as both a motivator and inhibitor to these activities; envir-
onmental barriers to participation in physical, domestic and leis-
ure activities; the importance of social interaction; fear of falling;
enjoyment of SB/lack of intention to move; the importance of val-
ued physical, domestic and leisure activities; and the habitual
nature of SB.
At three months after stroke, TV viewing emerged as a domin-
ant SB, and non-SB activities could typically be categorised as
household tasks, such as shopping, cooking and household tidy-
ing/cleaning, or walking. Although evidence exists regarding lev-
els of SB post-stroke (English, 2014), the findings of this study
provide context relating to SB, which is important for tailoring
interventions. In relation to physical capability to reduce SB, phys-
ical tiredness and fatigue emerged as strong determinants.
Fatigue after stroke is a common complaint – at 3months post
stroke fatigue prevalence in a Norwegian sample was 31% [35].
Previous studies with stroke survivors [9], older women [36] and
care home residents [37] have noted the influence of fatigue on
SB and daily activity levels. We are not aware however, of any
previous qualitative studies that have distinguished between the
effects of acute tiredness and chronic fatigue symptoms on SB
after stroke. Acute task-related tiredness may be a result of
reduced cardiorespiratory fitness in this group, either as a result
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of premorbid activity, the effects of the stroke, or low levels of
activity after the stroke [38]. Focusing on regular short breaks in
SB may be more realistic in these individuals than a longer, con-
tinuous session of more physically demanding leisure activities or
exercise. Interrupting prolonged sitting with light-intensity walk-
ing breaks has been shown to lower self-reported fatigue in
obese adults aged 45-75 years, and may therefore present a prom-
ising therapeutic intervention after stroke [39].
Pain and discomfort were viewed as both motivators and
inhibitors to movement. This has previously been noted in older
women [36] and older men and women [40]. While more time
spent in SBs has been shown to result in worse bodily pain in
community-dwelling older adults [41], greater engagement in
daily SB has also been shown to be associated with less subse-
quent bodily pain in community dwelling older adults and in
older adults with knee osteoarthritis [42,43]. The literature around
pain and SB is clearly complex and highlights the need for indi-
vidualised intervention components with scope for variability in
pain symptoms. This may help to avoid the scenario where indi-
viduals avoid movement, leading to future deconditioning, add-
itional muscle weakness and contributing to increased pain [44].
A broad range of psychological consequences of the stroke
was discussed, eliciting in some anxiety about leaving the house
and uncertainty about how much physical activity to do. Feelings
of mental tiredness/fatigue and apathy evidently influenced ability
to move in some. This aligns with Ezeugwu et al. [9] who con-
cluded a major determinant of SB in the early post stroke phase
was what they termed the “head game,” with one of their partici-
pants discussing how you come out of hospital in a mental state
where you just want to sit. Causes of post-stroke fatigue are com-
plex and multifactorial [45]. Mental fatigue has been associated
with cognitive impairment, specifically impairments in memory,
executive functioning and attention [46,47]; and with depression
[48]. It is therefore likely that SB occurs in part as a consequence
of the experience of mental fatigue that results from some or all
of these factors. In development and implementation of an inter-
vention to reduce SB, consideration of fatigue and associated cog-
nitive deficits and mood, as well as of physical functioning,
should be undertaken. This will require multi-disciplinary input
from physiotherapists and occupational therapists as practice
specialists.
Interestingly however, at three months after their stroke, some
of the participants discussed a lack of professional rehabilitation
support since discharge, which they felt would have been benefi-
cial. This perceived lack of professional support may reflect the
diversity of stroke survivors with those who may not seem to
have been badly affected/made a reasonable recovery, unable to
access rehabilitation services.
Knowledge about potential health consequences of SB was
varied. Ezeugwu et al. [9] noted a limited awareness of the health
risks of SB among stroke survivors. Concise and user-friendly infor-
mation is needed on the health consequences of SBs after stroke,
ideally incorporating evidence-based guidance on the frequency
and duration of upright behaviours needed to reduce future
stroke risk. This should help to allay fears that not sitting and
moving more may result in another stroke. The majority of partici-
pants were unaware of how long they spent sitting across the
day. Future research should explore the use of technologies using
computer, mobile and or wearable devices that can make stroke
survivors aware of their SB and facilitate self-monitoring [49].
A range of environmental facilitators and barriers to movement
emerged. Providing clear information on local facilities, their cost
and transport opportunities may help change perceptions in
relation to accessing activities outside the home. Specifically
focusing on strategies to reduce SBs in the home during the
wintertime when dark evenings/poor weather may limit outdoor
activities is worthy of consideration [50]. Social networks helped
to break sitting, by getting participants up and out the house, or
to complete self-care tasks. This finding is consistent with previ-
ous research showing a perception that social isolation increases
time spent sitting in older men and women [40]. Opinion was div-
ided with our participants as to whether family/friends would be
supportive of them reducing SB. The protective influence of rela-
tives around activity levels has previously been observed in care
home residents [37]. Going forward, interventions should involve
family members and friends, reassuring them that breaking up SB
will be of benefit and strategies they could employ to support
the stroke survivor. Similar to family members and caregivers,
training and educational materials are needed for health profes-
sionals to ensure consistent messaging. Intervention materials
could seek to incorporate the strategies and cues participants in
this study were aware they used to break up their sitting (e.g.,
prompted by advert breaks on television).
In relation to motivation to sit less, participants discussed a
range of factors which encouraged movement, including relieving
boredom or being keen to get back to their “old life.”
Recognising sitting though as a positive, valued behaviour
emerged from our interviews with participants acknowledging
they enjoyed sitting or found it beneficial (pain management,
relaxation). Sitting for relaxation or comfort emerged as the main
reason participants sat in the Ezeugwu et al. [9] study, while
enjoyment of sitting and sedentary activities has previously been
noted as a barrier to reducing SB in older adults [51]. A lack of
intention to move was evident in some, aligning with psycho-
logical fatigue [52], with some participants feeling they needed
help to become more motivated. Some participants spoke of
needing interesting, valued activities to be more active. Taking a
person-centred approach to reducing SB is therefore vital. Person-
centredness in rehabilitation means taking a biopsychosocial per-
spective of the person in their context, empowering them in
shared decision making, and creating a therapeutic alliance in
which recipients of rehabilitation are partners [24]. Future inter-
ventions delivered as part of, or as an adjunct to, rehabilitation
should therefore support participants to identify positive, person-
ally valued and enjoyed activities that involve standing and/or
moving. Matei et al. [50] highlighted the importance of providing
a clear justification of any intervention strategies – for example
standing and moving during breaks in a TV show may help man-
age stiffness and discomfort. When participants discussed beliefs
about their capability to reduce their SB a fear of falling emerged,
especially in women. Mobility problems and fear of falling have
previously been documented in care home residents as barriers
to engaging in movement/activity [37]. Intervention materials
should seek to incrementally build a person-centred plan to break
sitting and encourage walking and moving more that aligns with
individual ability and builds confidence, while also drawing on
the literature on the influence of habitual PA on reducing falls
and improving bone health [53,54]. Overall, it is important to rec-
ognise that stroke is a very complex condition and affects individ-
uals not only physically and cognitively but also socially.
Individuals who have similar aetiology of strokes may present dif-
ferently and therefore individualised approaches to reducing SB
are required.
Some participants discussed their SB as a habit with sitting
perceived as a natural thing to do. Social norms around sitting in
the evening were discussed, as well as clustering household tasks
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in the morning. Time-lapse camera data has shown that many
older adults tend to sit more in the afternoon and evening [55].
Interventions could aim to reduce the automaticity of sitting by
increasing awareness of the behaviour and encouraging develop-
ment of new non-SB habits.
Strengths and limitations
The qualitative nature of this study and open-ended questioning
throughout the interviews have allowed rich, descriptive data on
SB after stroke to be elicited from a large number of participants.
A limitation of our approach is that we focused on SBs from the
perspective of the individual stroke survivor at a single time point.
Interviewing stroke survivors at other time points, as well as inter-
viewing staff or family/friends would enable a broader synthesis.
Michie et al. [14] recommend utilising a range of approaches to
data collection (interviews, focus groups, observation, review of
key documents) to enhance confidence in the findings.
Nevertheless, the views of the intended recipients of any future
intervention are, arguably, the most important, and thus justify
the focus on these participants. The structured approach used
during analysis, aligning the qualitative data with the COM-B con-
structs, could be perceived as a limitation. However, the use of an
inductive approach using the Framework Method, prior to align-
ing themes to COM-B ensured a systematic and robust approach
to the data analysis. The use of the COM-B framework in the con-
text of the ICF is a strength of this work as the theoretical under-
pinning of the work allows the qualitative data to be developed
into a theory driven behaviour change intervention that fits with
concepts within rehabilitation. A further limitation of the study
was that we did not collect data on ethnicity and therefore do
not have any specific cultural related findings to report.
This study presents a behavioural diagnosis of SB in the early
post stroke phase, guided by COM-B. This information will be
used alongside the wider BCW and the ICF to design an interven-
tion with appropriate intervention functions, policy categories and
behaviour change techniques to reduce and break up SB in indi-
viduals post-stroke.
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